INTRODUCTION
Pennsylvanian to Lower Permian sedimentary rocks crop out over relatively small areas of central Saudi Arabia, the Wajid outcrop area in southwestern Saudi Arabia, and in the Haushi-Huqf outcrop area in Oman (Text- Figure 1 ). However, they are extensive in the subsurface, where they form important hydrocarbon reservoirs (Hughes Clarke, Levell et al., 1988; Dubreuilh et al., 1992; Roger et al., 1992; Al-Belushi et al., 1996; Angiolini et al., 2003) . The glaciogenic nature of the Al Khlata Formation was established from studies of the outcrop area on the western flank of the Haushi-Huqf Uplift where striated pavements of the Precambrian Khufai Formation have been found (Braakman et al., 1982; Al-Belushi et al., 1996) . Hughes Clarke (1988) credited Levell et al. (1982) with the definition of the type section of the Al Khlata Formation, which is located at Wadi Al Khlata near the HaushiHuqf Uplift (57°25'46' 'E, 19°46'43''N; Figure 1 ), where it is about 100 m thick. The subsurface reference section of the Al Khlata Formation was defined in the Rahab-2 well, south Oman (55°06'32''E, 18°01'09''N) , where the formation is more than 246 m thick (Hughes Clarke, 1988; Mohammed et al., 1997) . In the subsurface of south Oman, the thickness of the Al Khlata Formation varies from about 100 to 800 m (Levell et al., 1988; Love, 1994; Knight and Hartkamp-Bakker, 1998) . This variation in thickness is largely the result of syn-depositional subsidence and erosional paleorelief on the pre-Al Khlata unconformity (Levell et al., 1988; Knight and HartkampBakker, 1998) . During its deposition, the infra-Cambrian Ara salt in the South Oman Salt Basin moved diapirically to form salt domes, and developed a series of north-south oriented salt pods. As a result, thick Al Khlata Formation sediments are found in synclines formed by salt withdrawal. On the eastern flank, thick Al Khlata Formation deposits are also found where salt was apparently syndepositionally dissolved by groundwater (Heward, 1990; Osterloff et al., 2004) .
The Al Khlata Formation is present throughout the central interior of Oman, south of the Oman Mountains, and west of the Huqf Axis high (Text- Figure 1 ). It rests with an angular unconformity on Devonian and older rocks (Hughes Clark, 1988) . The upper boundary of the subsurface Al Khlata Formation was described by Mohammed et al. (1997) Formation. This lithological boundary is generally picked at the base of the lowermost Gharif sandstone, overlying the upper Rahab Member of the Al Khlata Formation. On electric logs, this boundary is marked by a downhole increase in gamma ray, sonic, and the separation of the density and neutron logs (Osterloff et al., 2004) . In northcentral Oman, the Rahab Member is not distinct, and the boundary is mainly identified using palynostratigraphy. A summary diagram illustrating the regional and stratigraphic context of the Al Khlata to Gharif formations is presented in Text- Figure 2 . Petroleum Development Oman (PDO) has used palynology extensively for correlating the subsurface Al Khlata Formation. Currently it is the chief method used due to the extreme lateral variability of facies (and therefore of the wireline logs) and poor seismic resolution. Historically, PDO have identified important palynomorphs by code numbers rather than Linnaean binomials. For example the colpate pollen Cycadopites cymbatus is known by the code 2141. Where a taxon is taken as the marker or index for a biozone, its code is used to denote that biozone. Hence the original 2141 Biozone, in its broadest terms, was characterized by the common occurrence of Cycadopites cymbatus. The system, in various forms, has been in operation for nearly 40 years in PDO. It has proved to be extremely robust, having been developed from a database of thousands of samples and hundreds of well sections. However, although the basic characteristics have been illustrated (Osterloff et al. 2004, text- fig. 7 ), formal definitions of the biozones have not been published. Furthermore, the biozones have not been correlated in detail with other Gondwanan biozones. Thus, the main purpose of this paper is to define and correlate these biozones. The PDO alphanumeric notation has been retained against recommendations to the contrary (Rawson et al., 2002) for the following reasons. This is because alphanumeric codes are concise and hence suitable for inclusion on geologic cross sections and logs, they circumvent problems caused by taxonomic revisions of zonal taxa (Price, 1997) , and they hence provide continuity and simplicity. 
PALYNOMORPH SUCCESSION
Generally the diversity and productivity of palynomorphs increases upsection through the Al Khlata Formation. This is probably in response to climatic amelioration, related to global post glacial warming, and the northward movement of the Arabian Plate between the Pennsylvanian and Early Permian (Stephenson and Filatoff, 2000; Stephenson et al., 2005; 2007) . The older assemblages are characterized by common monosaccate pollen and the Punctatisporites Group. By contrast, younger assemblages are of greater diversity including cingulicamerate and cheilocardioid spores, and colpate and bisaccate pollen. The biozones are of acme type, with the bases defined by quantitative changes in a palynomorph group or taxon. In this paper the constituents of the groups are listed, and the occurrence patterns of groups which define the biozones are demonstrated. The composition of the groups and the author citations of taxa are given in Table 1 and Appendix 1 respectively. In addition to groups, certain other taxa are also important, for example Anapiculatisporites concinnus, Cycadopites cymbatus, and Kingiacolpites subcircularis. The key palynomorph groups and taxa are illustrated in Plates 1 and 2. 
BIOZONATION
Percentages of taxon groups and species are central to the method of biozonation used here, and the proportions quoted in this paper are averages calculated from the study of thousands of samples (Table 2) . Thus the sequence of quantitative changes is known to a high degree of certainty. The quantitative changes therefore form the basis of the biozonation, with ranges of taxa providing supplementary information (Text- Figure 3 ). The PDO in-house procedures suggest that counts of approximately 150-200 specimens per slide are adequate to represent true proportions. Three reliability categories are applied: 'poor' (total count 50-74 specimens); 'fair' (75-99 specimens); and 'good' (>100 specimens). Samples with counts of less than 50 are designated non-diagnostic and therefore are not used in the biozonation, except in the case of Biozone 2159, where a tentative assignment is allowed with counts of 25-50. Samples from cored well sections are the main basis of the biozonation, though sidewall core samples are used in important sections where core is not available.
It should be noted that biostratigraphy of this type, based mainly on quantitative trends is an inexact science, and judgement is sometimes required in the positioning of the biozonal boundaries. This is also true in the case of reworking, which is common in glaciogenic sediments. The Al Khlata Formation contains palynomorphs derived by glacial erosion of consolidated hinterland rocks. These include 'long-cycle' reworked palynomorphs (for example Emphanisporites spp., Grandispora protea, and Retispora lepidophyta from the Devonian), and those derived from younger unconsolidated glacial sediments. The latter are termed 'short-cycle' reworked palynomorphs (Stephenson, 2008) . 'Short-cycle' reworked palynomorphs are difficult to distinguish from in situ forms, and these make reliable palynozonation difficult without reference to sedimentary facies and appropriate experience concerning which data to use or reject.
The 2159A Biozone
The oldest subdivision of the Al Khlata Formation, the 2159A Biozone, has a cored reference section in the Marmul-6 well between 920.39 to 902.77 m (Text- Figure 4) . The primary diagnostic criterion is the abundance of the Punctatisporites Group, which constitutes up to 100% of assemblages. The Monosaccate Group constitute less than 5% of assemblages. Below the base of the biozone, samples
Biozone
Main characteristics
2141C
The Microbaculispora Group represents more than 10% of assemblages, but the Horriditriletes Group exceeds it in numbers, reaching 30% or more.
2141B
(1) The Microbaculispora Group represents greater than 10% and can constitute up to 60% of assemblages, in addition the Microbaculispora Group is more abundant than the Horriditriletes Group; (2) Cycadopites cymbatus makes up 5 to 10% of assemblages; and (3) the Cingulicamerate Group are extremely rare or absent.
2141A
(1) Non-taeniate and Taeniate Bisaccate Groups together represent more than 10% of the assemblages; and (2) Cycadopites cymbatus is rare towards the base but increases to 5 to 10% of assemblages towards the top of the biozone.
2165B
(1) Horriditriletes Group constitutes between 5 and 10%, or up to 20% of assemblages; and (2) Microbaculispora Group constitutes usually around 3 to 5% of assemblages.
2165A
(1) The Cingulicamerate Group constitutes up to approximately 30% of the assemblages; and (2) the Microbaculispora Group constitutes approximately 5% of assemblages.
2159B
Increase in the proportion of the Monosaccate Group to greater 10% of assemblages such that Punctatisporites spp. does not exceed 90% of assemblages.
2159A
Abundance of Punctatisporites Group which constitutes up to 100% of assemblages. Taxa of the Monosaccate Group constitute less than 5% of assemblages. Figure 3 . The Haushi palynozonation scheme displaying palynomorph groups, and the key and main accessory taxa.
(Text- Figure 4 ). However, in uncored sections, it is usually identified from spot sidewall samples such as in the Rima-65 well (Text- Figure 4 ). There is a transition between 2159A and the succeeding Biozone 2159B, with the result that this boundary is difficult to position precisely. In the transition section, the percentage of monosaccate pollen fluctuate between 5% and 10%, with the assemblages being dominated by the Punctatisporites Group (e.g. the Qata-9 well; Text- Figure 4 ). and this group may be locally abundant (up to 70% of the assemblages) at the top of the biozone (e.g. the Rima-65 well, Text- Figure 4) . Apart from the reference section, this biozone is well represented in cored intervals in the Al Burj-36 and Rima-65 wells.
The 2165A Biozone
The reference section for the 2165A Biozone is the Wadi Al Khlata well-5 between 27.00 and 17.75 m. There are two primary diagnostic criteria. The first is the Cingulicamerate Group, which constitutes up to approximately 30% of the assemblages; these are mainly Cristatisporites spp., Lundbladispora braziliensis, and Vallatisporites arcuatus. The second is the Microbaculispora Group, which constitutes approximately 5% of assemblages, although it can be absent or rare locally (Text- Figure 5 ). The Monosaccate and Punctatisporites groups
The 2159B Biozone
The reference section for the 2159B Biozone is the cored Marmul-6 well interval from 901.8 to 870.5 m (Text- Figure 4) . The main feature that distinguishes 2159B from 2159A is the increase in the proportion of the Monosaccate Group to greater than 10% of assemblages, with a proportional decrease in the Punctatisporites Group. The 2159B Biozone is also more diverse than 2159A. It contains Anapiculatisporites concinnus (usually less than 5% of the assemblage), Apiculiretusispora spp., may also be abundant. Anapiculatisporites concinnus is present, usually comprising less than 5% of the assemblage, and the Bisaccate and Horriditriletes groups are usually absent or rare. There is a diversity increase over 2159B represented by the increase in Cingulicamerate and Microbaculispora Groups (Text-Figure 3) . Apart from the cored reference section, this biozone is well represented in sidewall core-sampled intervals within the Dimeet-1 and Al Burj-23 wells (Text- Figure 5 ).
The 2165B Biozone
The reference section of the 2165B Biozone is Wadi Al Khlata well-5 from 16.73 to 14.45 m. The primary diagnostic criteria are: (1) the Horriditriletes Group, which constitutes between 5 and 10%, or up to 20% of assemblages; and (2) Figures 3, 5) . Apart from the reference section, this biozone is well represented in the cored interval in the Amal-9 well, and sidewall core-sampled sections from the Dimeet-1 and Al Burj-23 wells (Text- Figure 5) .
The 2141A Biozone
The reference section for the 2141A Biozone is the cored interval between 934.59 to 897.10 m in the Nimr-46 well. The primary diagnostic criteria are: (1) Non-taeniate and Taeniate Bisaccate Groups together represent more than 10% of the assemblages; and (2) Cycadopites cymbatus is rare towards the base, but increases to 5 to 10% towards the top. The proportions of the Cingulicamerate Group vary considerably, but are usually lower than those of the 2165A or 2165B biozones. The proportion of the Punctatisporites Group continues to decrease, so that percentages are lower than in 2165B. The Horriditriletes Group usually represents 10%, but can be up to 20%. Furthermore, the Microbaculispora Group represents approximately 3 to 5% of assemblages, but can be occasionally absent. 
PLATE 2
Representative palynomorphs from the Non-Taeniate Bisaccate, Taeniate Bisaccate, and Monosaccate Groups, plus colpate pollen and algal taxa. All the specimens are held in the collection of Petroleum Development Oman, Muscat, Oman. Following the species name, the well, the depth, and the England Finder coordinate are quoted. The scale bars all represent 20 µm. Figures 3, 6) . Apart from the reference section, this biozone is well-represented in the cored intervals of the Rahab-2 and Wadi Al Khlata-2 wells (Text- Figure 6 ).
The 2141B Biozone
The reference section for the 2141B Biozone is the Rahab-2 well between 1008.32 and 992.14 m. There are three primary diagnostic criteria. The first is that the Microbaculispora Group is greater than 10%, and can constitute up to 60%; and the Microbaculispora Group is more abundant than the Horriditriletes Group. Secondly, Cycadopites cymbatus makes up 5 to 10%; and thirdly the Cingulicamerate Group is extremely rare or absent. The Non-Taeniate Bisaccate Group is more abundant than the Taeniate Bisaccate Group. Taxa that occur rarely include Deusilites tentus, Kingiacolpites subcircularis, Tasmanites, and Tetraporina. Apart from the reference section, this biozone is also well represented in the cored interval of the Rahab-28 well (Text- Figure 6 ).
The 2141C Biozone
The reference section for the 2141C Biozone is the Rahab-2 well between 982.38 and 964.70 m. The primary diagnostic criterion is that the Microbaculispora Group represents more than 10% of assemblages; the Horriditriletes Group is more abundant, reaching over 30%. Cycadopites cymbatus and the Non-Taeniate Bisaccate Group are variable, but usually common to abundant, reaching over 60%. The Taeniate Bisaccate Group represents 5 to 20%, but is always less abundant than the nontaeniate taxa. The accessory taxa are broadly the same as those in 2141B. Downhole, however, the first appearances of Converrucosisporites grandegranulata and Vittatina cf. scutata are characteristic of this biozone. Apart from the reference section, this biozone is also well represented in the cored interval of the Rahab-28 well (Text- Figure 6 ).
CORRELATIONS WITH ARABIA
AND WESTERN AUSTRALIA Besems and Schuurman (1987) and Love (1994) Besems and Schuurman (1987) (Text-Figure 7) . The third assemblage, the Cycadopites cymbatus Assemblage, is referable to Assemblage Group B of Besems and Schuurman (1987) . Based on the data of Besems and Schuurman (1987) which show percentages of approximately 10% of the Cingulicamerate Group in Assemblage Group B, that biozone is here correlated with the 2141A herein. Thus, only the lower part of the Cycadopites cymbatus Assemblage of Love (1994) correlates with Assemblage Group B. As a whole, the Cycadopites cymbatus Assemblage correlates with 2141A to 2141C because the index taxon and the Bisaccate Group are common throughout those biozones. The Kingiacolpites subcircularis Assemblage of Love (1994) is equivalent to the zones immediately overlying Biozone 2141C.
The field scale biozonation of Stephenson and Osterloff (2002) lowermost Microbaculispora tentula Biozone correlates with Biozone 2141B because it is primarily characterized by high numbers of that taxon (>10% of assemblages). The succeeding Converrucosisporites sp. A -Microbaculispora grandegranulata Biozone correlates to the 2141C Biozone because it is based on the presence of common coarselyornamented cheilocardioid spores reaching approximately 5% (Text- Figure 7) .
The lowest of the Arabian regional biozones, OSPZ1 of Stephenson et al. (2003) , is characterized by assemblages dominated by Punctatisporites, Retusotriletes, and bilaterally-and radially-symmetrical monosaccate pollen, which also contain Anapiculatisporites concinnus. Therefore it correlates with the 2159A and 2159B biozones. The base of OSPZ2 is defined on the first occurrence of Microbaculispora tentula and Horriditriletes spp., thus this horizon approximately correlates with the base of Biozone 2165A. The upper parts of OSPZ2 are characterized by increasing numbers of Cycadopites cymbatus, Microbaculispora tentula, and coarsely-ornamented cheilocardioid spores. It therefore correlates with biozones 2165B to 2141C.
Correlations are made with Western Australia because successions from this region have been documented in detail, allowing correlation with the present biozones. Also Western Australia has the most comprehensive marine faunal record which has allowed the palynomorph succession to be correlated with the standard Russian succession (Archbold, 1999; Stephenson, 2008) .
The palynostratigraphy of Australasian pre-glacial and periglacial sediments is known in less detail than that of younger Australasian successions (Kemp et al., 1977) . Kemp et al. (1977) and Powis (1984) gave generalized details on Australian Stage 1 and 2 biozones (Text- Figure 7) . Data from single successions, or small groups of successions, within this interval were supplied by Truswell (1978) , Backhouse (1991; 1993) , and Jones and Truswell (1992) . The unpublished thesis of Powis (1979) was on the pre-glacial and periglacial sedimentary rocks of the Canning Basin, Western Australia. This work represents the most comprehensive survey of the palynostratigraphy of these strata. Powis (1984) defined the base of Stage 2 as the level of the simultaneous first appearance of Horriditriletes ramosus, Horriditriletes tereteangulatus, and Microbaculispora tentula. Jones and Truswell (1992) correlated their Microbaculispora tentula Biozone with Stage 2 of Powis (1984) . Thus, the base of Biozone 2165A correlates with the bases of Stage 2 of Powis (1984) and the Microbaculispora tentula Biozone of Jones and Truswell (1992) . Backhouse (1991; 1993) Backhouse (1991; 1993) . Converrucosisporites confluens first occurs between biozones 2165B and 2141B, thus the Converrucosisporites confluens Biozone of Backhouse (1991) correlates with those biozones in south Oman. The presence of large, heavily-ornamented cheilocardioid spores such as Converrucosisporites sp. A and Verrucosisporites cf. naumovae in Biozone 2141C may suggest that this unit correlates with the Pseudoreticulatispora pseudoreticulata Biozone of Backhouse (1991) .
An advantage of correlation of the south Oman biozones and Western Australia is that the calibrations using marine faunas available in the latter area can be applied in south Oman. Backhouse (1991) considered his Stage 2 to be questionably Asselian in age, while the Pseudoreticulatispora pseudoreticulata Biozone was considered to be Sakmarian. The Converrucosisporites confluens Biozone appears to straddle the Asselian and Sakmarian boundary (Backhouse, 1991, text- fig. 10 ). By correlation therefore, biozones 2165A and 2165B are likely to be Asselian in age, while biozones 2141A to 2141C are likely to be Sakmarian. A single faunal calibration is available in Oman; the Haushi Limestone of the Lower Gharif Member, which overlies the Al Khlata Formation, contains unequivocal Sakmarian fusulinids (Angiolini et al., 2006; Text-Figure 7) . Age assessments for biozones 2159A and 2159B are less certain since Western Australian faunal calibration does not extend below Stage 2 of Powis (1984) or Backhouse (1991) . However, Jones and Truswell (1992) considered their Asperispora reticulatispinosus Biozone to be latest Westphalian D (Late Moscovian based upon the assessment of Davydov et al., 2004) to Autunian or Early Asselian in age, and a similar age is therefore adopted provisionally for biozones 2159A and 2159B.
CONCLUSIONS
Palynology is the main method of correlating the subsurface glaciogenic Al Khlata Formation of Oman due to the extreme lateral variability of facies and poor seismic resolution. Over many years, a robust seven-fold in-house PDO palynozonation has been developed and the formal definitions of the biozones are given herein, and are correlated. Ages applied to the uppermost five biozones are the most precise that can presently be given, via correlation with faunally-dated palynomorph biozones in Western Australia. The dates thus interpreted are consistent with the single faunal tie-point given by fusulinids in the Haushi Limestone within the Lower Gharif Member. This demonstrated that the entire Al Khlata Formation is Sakmarian or older. Age assessments for biozones 2159A and 2159B are less certain since Western Australian faunal calibration does not reach below Stage 2. Further improvements in dating of the Al Khlata Formation are most likely to come from palynological correlation with radiometrically-or faunally-dated sequences in southern Africa, eastern Australia, and South America (Stephenson, 2008) .
